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Quantitative Analysis of B Vitamins in Synbiotic Fermented Milk
Based on HPLC-MS/MS and Quality Evaluation
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(1. State Key Laboratory of Food Nutrition and Safety, Tianjin University of Science and Technology, Tianjin
300457, China; 2. Institute of Eco-environmental and Soil Sciences, Guangdong Academy of Sciences,

Guangzhou 510650, China)

Abstract: To explore the effects of different synbiotic combinations on B vitamin levels and the quali-
ty of functional fermented milk, seven probiotic strains [ Bifidobacterium animalis subsp. lactis
(BB12, BB04, BB420), Lactobacillus rhamnosus (LGG1, LGG2), and Lactobacillus paracaset
(Lpcl, Lpc2) ] were selected and combined with three oligosaccharides [fructo-oligosaccharides
(FOS), isomalto-oligosaccharides(IMO) , and 2'-fucosyllactose(2'-FL) ] were selected to construct
synbiotic systems and prepare fermented milk samples in this study. High performance liquid chroma-
tography—tandem mass spectrometry (HPLC-MS/MS) was utilized for the quantitative determination
of key B vitamins in the fermented milk, including riboflavin, nicotinic acid, nicotinamide, panto-
thenic acid, pyridoxal phosphate, biotin, and et al. Quality assessment was performed by integrat-
ing the analysis of sensory properties, viscosity, pH value, and acidity indices. The results demon-
strated that different synbiotic combinations exerted combination-specific regulatory effects on the B
vitamin profiles in fermented milk. Notably, the co-fermentation of oligosaccharides with Bifidobacte-
rium strains exhibited a significantly greater enhancement in the contents of various B vitamins com-
pared to the combinations involving Lactobacillus strains. Furthermore, synbiotic could differentially
modulate the viscosity of fermented milk while reducing its pH value and acidity. At the sensory lev-
el, the synbiotic fermented milk formulated with Lactobacillus strains, particularly Lactobacillus

rhamnosus, achieved the optimal quality and favorable stability. This study provides a scientific ba-
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sis for the development of B vitamin-enriched functional fermented milk products.
Key words: functional fermented milk; high performance liquid chromatography—tandem mass
spectrometry (HPLC-MS/MS) ; B vitamins; synbiotic

R U2 bMERN AR CERFUN R, S8 . MM &R . eSS R H a0k
FREEF= . KR, SRR TSR . EEENENGIR . BRdEE RS TR, XYY
VAT R SRR . WA R T Rl L (R E A MRRE R, SRR EREAL R SR R R
X SRR, IH TS TR B S TR K. ST R A SN A TS, B
WS AR VE AR AR TR B FRIR, (REEHAE N IAE SR E A . WFCIESE , FE R BEFLEI &b
N A AT BT . XUR B Th RS PR 55 2 4 B D sl e T & I L PERE o B0, 288 — & REFLAT e
YT80S5 A A e s & B AL A R et F LRI 35— I # B13 &40
0] e BT REPE Wy v-2 2L TR (GABA) B, $RTFFFA S INME" . tesb, 524254 0 (RS SRp
Ry ARERFE=2 : 20 ) 5 EERAGAETC, MURESE & BEFLEEE T R ST R,
R T; - Ry BTG 1 LAXE st AR 1, 4% X BOW W W0 I BE J1, A ThRE T & LG B 48k
T,

BIRAEE: A AR AEE N 7, )22 5 RE AR S A AR R 12 R AR
FazSUays . —BAANIRI . M ICIhRELER AT A Y & ST R ) RIS R R RAE R, B
RYEE R Z AL 2 RGeS, BRI RERER | (O B & RS T . AR AL
SAETEBIT IR ZE > BRI (VB3) A, HoAx BiEd A e ikE i IR A R, RAENEE R
U5 I N ) REC Y, R R, RN )R . LR WBEN N 2w, ol B 355
RSN E M BRgEEE, WHMKE (VB . ZEE(VB2), ZER(VBS) . WEEEE(VB6) KR
(VBO)ZE" | Sy NAKNFE 254k A: 4t TR EE A&z

ta AR TCANVBE A R IR BEBC 6 25 AR B O HE 5, i BLRE S AT AR aE , Rl K- EThEe”
BB PR RN Y AR BARIT IR ST IESE , DIIRERBE (RS SR | (IR 2200 . 2 - bR FL b )
PR AT A E 1 AL T (B AT IR FL AP . RZENEFUAT IR . BT REFLAT ) A ThRE s bk T ia g2 i &
AT Fy, BT EEIESRAEAE A B GG AE ZIORE N . XuTRERH TR W IR, &
S AW AR, g 7 BIRAEAE RN A RE S . HET, 2R B4R A A WY H T
B, B, AEFLFFEE BBC32B . BBC33 J% BIF43 & 0 3L 0] W2 g S VB2 (/K >, FL%
B % B A W RERS S B SR TE VBS KV SR AR, SR TCA A W H T A AR R, BEEARERTHA
Bl B F &A= REFT

BT, EWNANET BIE4EA 2RI 7 ik EEARAEYNE . Rk PS8k maiiiAH
{638 (HPLC) . IR f033% — BRI s (LC-MS/MS ) 51222 i R IBUAH (0,33 — H BR B 1% (HPLC-MS/MS)
BRI 34 B 1) S EL R vE BT 0 £ B iR 2 A= Rl T2 R R, A9 R FH HPLC-MS/MS
WA S ATl A LB 11 R BiR4EAE RS2, AR VB, VB2, MMER(VB3-1) . MIEI%(VB3-
2). VB5. WLEEE(VB6-1) . MLISEE (VB6-2) . WEMEMLISEE(VB6-3) . AW (VBT) . VB9 KAk F
(VB12), FE&5GE . 268 . pHAE IR A TC A R TS0y, DI A& BiGdeE R . &5
B H SR 55 M ThRe & B FL I & S e B ik 4

1 SRIGERSY

1.1 R_F., ARSI

A AIRERIRBE (KOS, AiEE>95%) HAIRER 522 2R 85 (IMO, 4 )>90%) I8 B g A BHA TR
OS]y 2 BEREREFUME (2'-FL, 2lEE>99%) M H L S B EMBORA R AR MEBERE-"C I . ek
TRILIERE . 4eA 3 BS(ZB-NAMR-"C,, "N)EEER . [°C,I-BicEhmeth . [°C,, "N E . AWE-D,.
[ BRER-"C, - . MR- C Y G d, WH Sigma/AF]; Z55. HEE. B IFILEH, WH
Millipore 28 7] o

WK BSOS AT R FLIE RN BB-12 (465 BB12) 4 A BFHXAR 2 7 5 B BUE AT 1 FLOIE Fh BL-04 (4
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5 BB04) . ZhPAUSAT AT R B420(4i 5 BB420) . FZSBEFLAT I HNOO1 (4%5 LGG2) . BT REFLAT I
Lpc=37(%i'5 Lpe2) W H PHe Wi 2w ;s BRAHEFT I YOG (45 LGG1) . BT E&FLAT I K9 (45 Lpel)
W A T A T e R AR IR A

¢ %% . HAAKE MARS iQ A A (ThermoFisher Scientific) ; DV2TLVTJO kY B i1 (Brookfield 2 &) ) ;
CH-9100 FZ i1 (Metrohm 23 7)) 5 Agilent 1290 Infinity & 2 RGRAH (A REA (Agilent 28 7] ) 5 QTRAP 5500 Jit
AL (SCIEX 23 1)) ; Acquity UPLC HSS T3 {43 FE (Waters A 1)) .
1.2 HHRIES

SR FVA VR AT AL TG AL 51535 7 MR R LAk 25 A
1.3 FETEXEIHE

TR 485 g HEA-FL 2 15 o IERHE, T°65 CT R IEMG, 95 CTF KW 5~10 min, BHG, LL5%+:
Pt s A AT K G R 4. 37 CF .24 h, BFLUG T4 Coelaih. SAETEEA A
TEOLANER 1T

#£1 AETREASN

Table 1 ~ Groups of synbiotic fermented milk

Number Group Strains+Oligosaccharides
1 BBI12 BB T FLE A BB-12
2 BB12-FOS B RS AT 7Ll BB—12+39% 5% 38 S p
3 BB12-IMO S RSUBAT I FLA A BB—12+3% {1k 28 5722 2 i
4 BBO4 PR 1R FLE AP BL-04
5 BB04-FOS SRS 1 FLAV A BL-04+3% 1% 58 b
6 BB04-IMO YIRS AT B LR BL-04+3% fILER 52 256k
7 BB420 YRS R FLIEFP B420
8 BB420-FOS B SUSEAT T 7L 0 B420+39% 1% SR LA
9 BB420-IMO B WG KT TR FL Tl B420+3% Ik 38 5 32 200
10 LGG1 FZHEFLAF A LGG L
11 LGG1-FOS FRABHZLAT A LGG14+3% IR R A hl
12 LGG1-2'-FL FRASME LT T LGG1+3% 2/ - i i KL b
13 LGG2 BRI LGG2
14 LGG2-FOS FRZEHEFLFF AT LGG2+3% (IR SR S
15 LGG2-2'-FL FRERFLAT I LGG2+3% 2/ -4 e B F U
16 Lpel T FLAF IR Lpel
17 Lpcl-IMO T FLAT T Lpe1+3% {R5E 5 2 20 0
18 Lpcl-2'-FL I IR FLFF I Lpel+3% 2/ - SR L gL
19 Lpc2 Al T 1% FLAF I Lpe2
20 Lpc2-IMO AT IS LT B Lpe2+3% (%38 522 20k
21 Lpc2-2'-FL BT B FLAT B Lpe2+3% 2/ - ol KLz pl

1.4 ZEZF HBHREEZSZENHPLC-MS/MSE
1.4.1 HEMATRE  M-80 CUKF P HEUNAEA, FRELL g VRT1E24 ho [ RFAES N 500 pL 7
RIS 0. 3% HIRH -2 HE-/K (2 0 2 0 1, IR, RER21E, KA AL 20 min, Jf
F-20 CHE 2 WFIENVUEEA . BiG, ST 4°C, 16 000 g 250020 min 5, HL400 pL EHREEHET
W24 h, HTEET-80 C& M. KaT ARSI 100 wL 774 1) 50% B A (5 0. 1% HIER)
B, F4°C, 20000 g &0 15 minJi, BUS0 pl LB SRR R RE 5047
1.4.2 tRAEMKARSEIE PR L R4 ZbRiESy, I EEREEREE0. 001, 0.002, 0.005,
0.01, 0.1, 0.2, 0.5, 1 wg/mLANRFRAW, 120.22 wm AHLIENE, W BB TR /NI R )
1.4.3 ®WiNEGE @EE4: HERET4 CAshiEfSd, RS pL, AiktE: Waters UPLC HSS
T3(2. 1 mmx100 mm, 1.8 pm), FHilR45 Co WBNFHA: 5 mmol/L FHEREHN 0. 3% H /KW, IizhAH
B: ZiHIEE, JE k300 pl/min, YESEEEEE: 0~2 min, 0% B; 2~3 min, 0%~60% B; 3~4.5 min, 60%-~
100% B; 4.5~6 min, 100%~5% B, 6~11 min, 5% B.

TG At BT URIREE . 550 °C; &R 1. 379.2 kPa; & TR 2: 379.2 kPa; i /K
275.8 kPa; & FWIZHE: +4 500 V; R 2 R S AR SRS I A6 00 25 7%, H AR BT & 6505 2
W2,
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F2  HbRY A I 24

Table 2 Mass spectrometry detection parameters of the target substances

Component b Molecular formula Molecular \ﬁi:sighd Ton type R.etenti(')n Quantifier ion Qualifier ion
(g-mol™) time/min (mlz) (mlz)
Thiamine (Tl ) VBI C,H,,N,08 300. 81 [M+X]* 1.27 265. 1 122.1
Riboflavin (B # %) VB2 C,,H,)N,0, 376.37 [M+X]* 4. 64 377.0 243.0
Nicotinic acid (HHi& ) VB3-1 C,H,NO, 123. 11 [M+X ] 2.45 124.0 80.2
Nicotinamide (XHREE ) VB3-2 CHN,0 122.12 [M+X]* 2.83 123.0 53.0
Pantothenic acid (JZ &) VB5 C9H17N()5 219.24 [M+X]* 4. 64 220.1 89.8
Pyridoxine (It % 1) VB6-1 CH,NO, 169. 18 [M+X]* 3.71 170. 1 77.0
Pyridoxal (LW ) VB6-2 C,H,NO, 151.16 [M+X ] 2.20 168.0 150. 1
Pyridoxal 5’ -phosphate VB6-3 CH ,NOP 247. 14 [M+X]* 3.28 248. 1 150.0

(DRI 1)

Biotin(Z:4%) VB7 C,,H,N,0,8 244.31 [M+X]* 4.71 245.2 227.2
Folic acid (M%) VB9 C,,H, N0 441. 40 [M+X]* 4. 64 442.2 295. 1
Cobalamin (5 1Z %) VB12 C;H,CoN,,0, P 1.355. 38 [M+X]* 4.62 678.5 147. 1

1.5 ZEBEIARETEM
KRR M S B GB 19302-2010¢ & W Ze 2 E 5bnife K BeFL) ™, MVEBS. B 10 AU&RE A
N GO AN [R) g A TS R ER A A & K I J il 2 ) 2 A P & B L P S LIRS L . XUk . R
PRI TIEVERE ; VRO PR 3. IRETEE S, SR ETEFNIT o458, 2fild Bk,
#3  RE IR

Table 3 Sensory evaluation standards

Evaluation item Evaluation criteria Score
JEARES REBSHI, AE, LIS 8~10
RIS, ARG, DaFLiEh 4~7

REAREL), kR, 2200, KREILiEdr it 0~3

Fgk FREEIE R A 8~10
FREE AR L, FRA R AR 4~7

M e Lo fgi) 22, 10 o B 0~3

LTS KBRS 8~10
R VA R AR 4~7

R A IR X TE B Ik 0-3

AR SBROMM, TCRIR 8~10
AMREEME, JCH Rk 4~7

SRAENA, AR 0~3

BRIy FEH EW 8~10
— = 4~7

AER 0~3

1.6 AEBEIARMEFBENE

fil FH Haake RS6000 JEFE LAY, FEEIL 20 CHAFT, BYUIHR N OMEZE 200 s, W& A S AR
SRR, RIS BB IR, WEE 200 s AR AR B UIRE IR S AR S0 R b A B
1.7 AEBEIEHEA N ENE

BUE A E T 50 mL 208, HSFEEE) 64451, 50 o/min FillE 30 s, BEAMESFA7i
%E 3K
1.8 ABEEZMHEHEAA pHEERE RN E

S0 7. 14, 21, 28 dHGE S T4 CAREMFES, WERZEIG, FH pH e A SAEr
WINE pHAE; 2330F 0. 7. 14, 21, 28 dHL9~12 g T4 CLRERIEES:, MO 2fEREmaiK)E, RE
¥)5), ReRE NG, PR A A S eI TR P P TR
1.9 HESITSHH

HPLC-MS/MS %445 5% HI MultiQuant BRAF 52 5 f2 i35 e T A K O B2 IR 1) o ot P 2 A SRbm vl i B LE PR B
), BEAT R E . R P 7 20T (one—way ANOVA) L4 Tukey K336 MEATHE 11 B &M 45
Mt, i Graphpad Prism 8. 0 AT TR ALAR S, 455 LLF I (E bRl T3 1R 25 (SEM) R .
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2 GRS

2.1 BR#E#EZEHRERNRERNEFEILE e
B A AR S PR G T g B (XIO W s
BT R, 2 HEsb & 7E AR &5 T i 1)
SPLE . fae BT EE ARk, BRI
MRS, Ao SRR e T T 5 T SR A
TR AR5 S AL | I
2.2 BR#ELAZRNAENZME. KLHIR |
58 TR e e
HERREE O E BT, R RIS P ‘\E/T\im‘*’f“j“ .
Mk FIR AR bR 2, IR 4 PR,
11 R H bR B B B IR R IR R, MEfEE40.001~1 wg/mL, ~¥KT0.99, W HFIEstE sy
Bro VL3RG (S/N=3) % XKz HFR (LOD) , 101558 (S/N=10) & SCE & FIR(LOQ), MFE4FR,
B 20 LOD 5 LOQ 435124 0. 001~0. 01 wg/mLF10. 003~0. 030 we/mL, @rRi% 7k HATHE R )
REPE,

o
ik

Intensity/107

o
T

o
ihd

f=]

4 BIGRAEAEFANNENLNE . KR €8/ TR
Table 4  Linearity, LODs, and LOQs for B vitamins

Component Calibration curve equation r LOD/(pg-ml™")  LOQ/(pg-mL™")
VBI y=1. 667 65x10*%—1. 651 36x10° 0.998 76 0. 002 0. 006
VB2 y=2.570 85x107x—1. 519 74x10* 0.998 74 0. 003 0.010

VB3-1 y=7. 414 40x10°%+2. 110 05x10° 0.999 13 0.001 0. 004
VB3-2 y=3. 514 17x10%+1. 137 31x10° 0. 998 98 0. 001 0.003
VBS y=3.297 15x10%+ 5. 765 12x10° 0.998 78 0. 002 0. 007
VB6-1 y=1. 008 93x107x 0.997 01 0. 002 0. 006
VB6-2 y=5. 797 96x10°%+5. 935 93x10* 0.999 31 0.003 0.010
VB6-3 y=6. 661 73x10°%~7. 731 61x10° 0.999 19 0. 004 0.012
VB7 y=6. 837 97x10°%+3. 625 61x10" 0. 998 97 0. 005 0.015
VB9 y=1.793 16x107x—1. 806 12x10* 0. 998 64 0. 006 0. 020
VBI2 y=5. 058 02x10°%—4. 900 07x10* 0.991 84 0.01 0. 030

2.3 EIR=EEHEMR

T (QC)FEAS T A & BEFLAFINAE A S IR A 2, AR AR ZRAE QCAEAS TR I 45 SR () AE D6 b
Wi 25 (RSD)/NF 30%, FIHAJFTIHMEE HREIF, GBI 5. RAME. B, &3 MikrKF
bR 1% SA5. 10465 LOQ) BEAT N RIS IIE , 25 &4 0 IR o 82. 5%~115%,
RSD<8%, FHHIZ 7 1R AEAS R B IX 0] 35) HAT R G A v i B S5 2 B o e L o DC BC AR 5t S5 9 SRR
(A 7 LUARLIPAR SR T35 R, 485 SR A 7R % 2 A 2R ) S A7 4 859%~108%., 158 HH 25 - i e A S A I 556
AN, TP . A RERR e . TR . EE RSSO RBR IF, & T B iRk
A ) LC-MS/MS 7€ A
2.4 AREETLHENEZEBEI P BRELEFEKFERZI

VB AR ) 2 A B - SR AL A5 & L v B LA A A VAR, A HPLC-MS/MS X % i
FLb 11 Fh B iRYEE F AT E BT, WE 2A PR, S BUEFT IR FLE R BBO4 5 3% FOS B IMO 42 it
&, &EEFLH VB2, VB3-1, VB3-2. VB5. VB6-1. VB6-2. VB6-3. VB7 K VB9 & & )4 % B 4H
BT (p<0.01); X BBO4 15 IMO (8 B2 A T B 42T VBT &4 (p<0. 01) , i BBO4 55 FOS & fit Xt
VB1 /K FJ6 W 25 5500 . 3h W S AT 1 FL O Fh BB12 5 3% FOS #I IMO E L )5, & A+ VB1. VB2,
VB3-2, VB5. VB6-1. VB6-2. VB6-3. VB7 & VBI2 i& & ¥ B35 T A R4 (p<0.05) 3 IL4b,
BB12 5 FOS By Bt 2 38 0 W42 T+ VB3-1 il VB HY& 1: (p<0. 01), 1fii BB12 5 IMO % Bt X6 3X 19 4
HEFRKEREZVEEER . S @k AR, BB420 5 3% FOS 5% IMO & Bl it i &2 & AL+
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VB3-2 Hl VB5 & (p<0. 01) . Ie4h, X BB420 5 IMO B4 it 204 ] i 3842 5 VB6-3 & & (p<0. 01) 5
R, AR S FMEREE RS, ¥ S8CEEFLT VB, VB3-1. VB6-1 K& VB6-2 )& & & 5T
(p<0.05) . £ L, fRERHE FOS B IMO X 34 AUBLAT T 7L AR i B g4 A= 36 6 iRE 1 BAT TR AR S5k 1Al
VAR, Horr, PRMESREE R AT R 8 98 BBO4 FI BB12 7R K BEFL 10 £ Fh B it A 24 kae 1, ikt
BB420 W4 KA IR BL N “HREEIEIEHE” ({XVB3-2. VB5, ¥ROHES VB6-3), HXF L% B itdk
AFE(VBL, VB3-1. VB6-1. VB6-2)M & AFTERE MBI, e onsess .

BeAb, AERGE R AR R FAT B - SRR & & T 7L b B4 0 & Bk AR, i 2B Bk, R
ZREAATEE LGG1 5 FOS B 2 -FLE RS, & F#FL* VB1., VB2, VB3-2, VB6-1. VB6-2. VBI2HJ&
B 8 LT RHIEZH (p<0. 05), T VB3-1, VBS5. VB7. VBIMI/KFFEEAL; VB6-3 FEAELGC]
5 FOS & i 2H 456 BRZH B 42 FH (p<0. 01) . LGG2 5 FOSEL 2'-FLERLG, &AL b VB S M BE
325 (p<0.01), VB1., VB3-2, VB6-1, VB6-2. VBOH& &1 W EACT X B4 (p<0. 01), H AR/ 5200
B AEHRER B 0 et . 5 FOSERLK), VB2, VB3-1. VB5, VB6-3 &% VBT & & &
(p<0.01), H2'-FLERLN} VB2, VB3-1, VB5, VB6-3 WEFHIL(p<0.01); XF VBI2 M, 5H2'-FL
R TS (p<0. 05), 5 FOS BRI E AR (p<0. 01) . X T EIFTEEFAFIA, Lpel 5IMOBK2'-FL
SEJG, &EEFLH VB1, VB3-1. VB3-2, VB5, VB6-1. VB6-2 )& &) WAL T R4 (p<0. 01) ,
VBI2 KT &2k, M VB2 B3 EJH(p<0.01), {HLpel 5IMOER)S, VB6-3H&&5F FIt,
M52 -FLER G VB6-3. VB7. VBOEZ B EE F; Lpc2 5IMOE RS, VBL, VB3-1, VB3-2,
VBS5. VB6-2 S FF(p<0.05); 52'-FLERNT, VBI2 &2 EFITH(p<0.05), VBl, VB5 &
W FF(p<0.05), HAth B g FKEH B &A1k

2 b, FUFFIE - RSRBE AL AX B iGdeA: 200 s SLBLEE AR - R 5tk . BRI 1LGG1
52 FLE BB TH & BEFL T VB6-3 & &, LCG2 5 FOSIZH&TEETF VB2, VB3-1. V5. V6-3 &%
VB7 JFHIFEI R L, T LGG2 52 -FLIYAH G ] € [ B4 58 VB12 B9 & i ; @I FREFLATIE Lpel 5 IMO 1940
AARELR T VB2 FI VB6-3, fij Lpe2 5 2/-FL AL SN AEIR T & TS VBI2 (& &,

A B

2
Kk KKk kk Ak kk KKk *% %% %% BBO4-IMO l
Kk kk kk kK kk ok kk *k *% BB12-IMO y
| w2 #x BR420-1MO | O £
Kk kk kk kk kk Kk *% ** %k * BB12-FOS I—1

PRI [ P ) **‘**lBBOLL—FOS -2

*k kk kk kK

* | * *k *% ** %% BB420-FOS

=< <=< < <==<=<=<=-5
TR E W WEEW®E R WX
SPSPHEFEEFY

[\S] w N =

2RI TEUL A B | LR B IRAEA: 2k - 300
Fig. 2 Effects of different combinations of synbiotic on vitamin levels in fermented milk
A. Bifidobacteria; B. Lactobacilli; compared with the glucose group: *p<0. 05, *%p<0.01. All experiments were repeated three times (A. X

FFE; B, FUMTE; SRTEIMEALILES . *p <0.05, *%p<0.01. A EE 3K)

2.5 AEEETAEMNEZBIRE TN

VO AN ] 5 AR TOZH 50 R L XUV LGRS, b R S /NN A T R L AR
AR HE XUWRAIERR SR IFPROY . I 3 PR, FERMURASLERE . BUBAT 1 il & 80 & LS 40 h
6.5~7.5, M ZEBEFLFFIA 0] 25 10 K BEFLA 5> 0 8. 5~9; Bl T REFLAT DA & 10 & B FLA3 43 41 8~8. 55 7E
SWRTF T : RUBAT R 1R LA 53 R 7~7. 5, MR ) & ) R AL A 7. 5~8. 5, @I
T LT o ) 5 ) R B LA 2 A 7~8 5 AR BT BB ) 6 0 R I FLAR 50 M 6. 5~7. 5, TR HEL
FRRE ) 85 0 A B FLA 0 A 7. 5~8. 5, BT IS FUAT R ) 2 0 A LA 50 A 7. 5~85 AEXURDTTHI = BUSAT Bl
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Fig. 3 Sensory evaluation of different synbiotic fermented milks
A. Bifidobacterium animalis subsp. lactis+3% oligosaccharides; B. Lactobacillus rhamnosus+3% oligosaccharides; C. Lactobacillus paracasei+3%
oligosaccharides. All experiments were repeated three times (A. ZNPPBUEFF I FLTFP+ 3% IREME; B. RAPEFT IR +3% KM C. &g
FURFIE+ 3% ARERNE . T SEI S 31%)
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Fig. 4 Determination of apparent viscosity of different synbiotic fermented milks
A-C. Bifidobacterium animalis subsp. lactis+3% oligosaccharides; D-E. Lactobacillus rhamnosus+3% oligosaccharides; F-G. Lactobacillus para-
casei+3% oligosaccharides. All experiments were repeated three times (A—C. ZHH ST B FLIEFI+3% RSB ; D-E. BRASBEFLAFIE+3% IR
B -G, BT EEFUAT IR +3% ARRME . BT S8 E42 31K
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Fig. 5 Determination of viscosity of different synbiotic fermented milks during storage
A-C. Bifidobactertum animalis subsp. lactis+3% oligosaccharides; D-E. Lactobacillus rhamnosus+3% oligosaccharides; F-G. Lactobacillus para-
casei+ 3% oligosaccharides; compared with the oligosaccharide-free control group: *p<0.05, **p <0.01. All experiments were repeated three
times(A—C. BV FF TR FLIEFI+3% (RS D-E. SZEREFLAFT+3% IRB0E; F-C. @ITEEFLIFTE+3% IRE0E; SARTR MRS i
YLHLEE: *p<0.05, *#p<0. 01, FA S5 EE 310
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Table 5 Changes in pH and acidity of fermented milks fermented by Bifidobacteria during storage

Group Parameter 0 Day 7 Day 14 Day 21 Day 28 Day
BBI12 pH 4.25+0.03 4. 19+0. 01 4. 15+0. 01 4. 13+0. 03 4.01+0. 01
Acidity(°T) 154.06x1. 33 171. 67+1. 08 178. 47+0. 55 196. 60=1. 09 205.21+2. 10
BB12-FOS pH 4.910. 02" 4.76+0. 02" 4.63+0. 02" 4.49+0. 02" 4.28+0. 02"
Acidity("T) 62.911.21" 73.06+0. 96 85. 86+0. 98™ 98. 14+1. 127 102. 84+1. 00"
BB12-IMO pH 4.87+0.017 4.75+0.01" 4.63+0.00™ 4. 42+0.01" 4.24+0. 02"
Acidity(°T) 65.03+1.35" 74.79+1.08™ 88. 48+0. 85™ 98. 71+1. 09 104. 16x1. 21"
BB04 pH 4.21=0. 02 4.1120. 01 4.020. 01 4.030. 02 3.96x0. 01
Acidity (°T) 117.52+1. 29 123.29+0. 79 145.76+3. 04 155. 39+0. 60 163.01+1. 10
BB04-FOS pH 4.95+0. 02" 4.93+0.01" 4.83+0.03" 4.65+0. 02" 4.43+0. 02"
Acidity(°T) 62. 64+1. 137 69. 11+1. 117 76.95+1. 107 86. 08+0. 87" 92. 84+0.76"
BB04-IMO pH 4.94+0. 03" 4.86+0.01" 4.75+0. 03" 4.65+0. 02" 4.44+0.02"
Acidity(°T) 64.60<1.77" 72.71+1.517 79.57+1.00" 87. 46+0. 87" 94.22+1.21"
BB420 pH 4.25+0.03 4. 14+0. 02 4. 12+0. 02 4.03+0. 03 4.01+0. 02
Acidity (°T) 124.92+1. 54 150. 19+1. 16 176. 28+0. 72 183. 85+1. 25 188. 16=1. 15
BB420- FOS pH 4.85+0. 04" 4.74+0. 02" 4. 68+0. 03" 4.50+0. 02" 4.36+0.03"
Acidity(°T) 69. 47+0. 81" 74.23+0. 63" 86.20+1. 96" 96.31x1.09™ 100. 50+1. 07"
BB420-IMO pH 4.84+0. 02" 4.72+0.02" 4. 64+0.03" 4.49+0.01" 4.310.01"
Acidity(°T) 67.50+1.73" 75.82+0. 46” 85.07+1. 68" 94. 14+1. 417 106. 54+0. 88"

compared with the control group without oligosaccharide supplementation: **p<0.01; all experiments were repeated three times
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0.01); RZHEFIATH LG 52 -FLERKREG , KEEFLEN AN, pHAERRSE 7 K82 & T4 A
Ab, SXTERRA IR E S, MR R T A (p<0. 01) . [, ERZEMEFLFF A LGG2 5 FOS
B 2'-FL A& C T 25 1) S B L AN FRCH N pH AR I 28 o3 T 0 L, T2 3 D M 28I T X R A (p<0. 01)
WA, BIFEEFLAF I Lpel 5 IMO & B 5 0 % I L AR 5i0HA PN A6 pH B R385 3 T 6 IR, i TR B
WEACT X R (p<0. 05) 5 AHS & FREFLFIA Lpel 5 2'-FLEMR ARG, KBEFLIEN 5800 N pH {5 %}
WA R EES, BRERTXIRA,; @R Lpe2 5 IMO & FEL il 2 10 & B 7L AL 800 P Y pH (B
EX A TC RS, MR EERR 5 21 KON B EACT 0 A (p<0. 05) ; AHEIFEEFLFTIE Lpe2 5 2'-FL
A5 B ) 5 B0 SR e L CE SR 0  B) pHABL RN BR B8 5 0 IR Te B 25 5 s DL R o & SR 5 SR > — 5,
6 FUMFIR & BEFLIEN SR N pH AR B AL

Table 6  Changes in acidity of fermented milks fermented by Lactobacilli during storage

Group Parameter 0 Day 7 Day 14 Day 21 Day 28 Day
LGG1 pH 3. 84+0. 00 3.78+0. 02 3.77+0. 02 3.75+0. 01 3.70+0. 01
Acidity(°T) 166. 59+1. 11 169. 33+0. 67 170. 15+0. 54 179. 59+1. 44 186. 78+0. 69

LGG1-FOS pH 3.98+0.017 3.94+0.00™ 3.84+0. 02" 3. 82+0. 02" 3.73+0. 01
Acidity(°T) 133.59+1. 58" 140. 75+1. 177 145. 52+1. 24™ 155.37«1. 117 160. 26+0. 84"

LGG1-2'-FL pH 3. 86+0. 01 3.85+0. 01" 3. 80+0. 01 3.77+0. 01 3.71+0. 01
Acidity(°T) 149. 27+0.70™ 155. 000. 63 156. 82+0. 18™ 161.81+1.36™ 166. 89+1. 10™

LGG2 pH 4. 140. 02 4.08+0. 02 4. 05+0. 02 4. 00+0. 02 3. 89+0. 01
Acidity(°T) 136.91+1. 17 141. 62+1. 17 155.29+1. 16 160. 40+0. 81 163. 18+1. 68

LGG2-FOS pH 4.71£0.017 4.52+0.01" 4.32+0. 02" 4.19+0.01" 4.15+0.01"
Acidity(°T) 81.93+0. 73" 91. 60+0. 80™ 102. 10+1.20™ 109. 63+0. 73 112. 68+0. 617

LGG2-2'-FL pH 4.52+0.01" 4.29+0.01" 4. 17+0. 00" 4. 0420. 01 3.94+0. 01"
Acidity(°T) 93.48+1.02" 100. 62+0. 55 112.93+0. 98" 123.411. 07" 127.76+2. 63"

Lpcl pH 4.25+0.01 4. 03+0. 02 3.96+0. 00 3.92+0. 02 3. 87+0. 01
Acidity(°T) 107. 32+1. 06 126. 01+0. 37 137. 15+0. 44 145. 75+0. 68 152. 86+1. 74

Lpc1-IMO pH 4.32+0. 03" 4. 06+0. 00 3.95+0. 00 3. 87+0. 02 3.78+0. 02"
Acidity(°T) 102. 75+0. 617 119. 40+0. 70™ 133.75+0. 38" 141. 48+0. 85™ 146. 37x1. 08"

Lpcl-2'-FL pH 4.26+0. 02 4. 02+0. 02 3.95+0. 01 3. 88+0. 01 3. 84+0. 02
Acidity(°T) 106. 88+0. 97 120. 42+1. 26" 133.77+1. 31 143. 78+0. 97 148. 73+1. 10

Lpc2 pH 3.87+0. 02 3.78+0. 01 3.74+0. 03 3.72+0. 02 3. 64+0. 03
Acidity(°T) 145. 35+0. 30 165. 65+0. 78 178. 11+1. 37 181. 90+0. 89 189. 75+1. 59

Lpc2-IMO pH 3. 86+0. 01 3.79+0. 02 3.75+0. 01 3. 66+0. 02 3.63+0. 01
Acidity(°T) 152. 43+0. 80" 161. 67+1. 28" 169. 14+0. 50 181. 43+1. 40 185.26+0. 93

Lpcl=2'-FL pH 3. 88+0. 01 3.75+0. 01 3.73+0. 02 3. 68+0. 00 3. 60+0. 02
Acidity(°T) 145. 72+0. 50 163. 09+0. 46 176. 23+0. 90 183. 66+0. 67 192.03+1. 91

compared with the control group without oligosaccharide supplementation: *p<0. 05, **p<0.01; all experiments were repeated three times
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